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C INTRODUCTION: 
The purpose of this study is to determine the feasibility of using a 
moist heat autoclave as a sterilizing instrument in the optometric office. 
We feel that optometry as a profession should explore every avenue in an 
attempt to eliminate the pas sibility of ocular infections, especially those 
attributed to the wearing of contact lenses. In addition, we propose that 
all instruments and materials that come into contact or within close 
proximity of the eye should be kept as free from contamination as possible. 
Several studies have been completed concerning the wearing of contact 
lenses and the incidence of corneal ulcers and infections occurring as a 
result of the eye's becoming contaminated by organisms such as Pseudomonas, 
Klebsiella, Proteus, Pneumococcus, Streptococcus, or Staphyloccocus. 1 The 
common approach to decontamination of contact lenses is soaking in specially 
designed storage cases containing solutions commercially prepared for that 
purpose. Studies concerning the effectiveness of soaking solutions as a 
sterilizing or decontamination method have been made, 2 but other possible 
methods of sterilization of contact lenses have not been thoroughly pursued. 
Autoclaving is one of the more efficient methods of sterilization. 3 
However, some materials cannot be subjected to the high moist heat that is 
necessary to insure sterility by this method. This study was conducted to 
determine the effect of the autoclaving process on the physical characteristics 
of certain optometric materials. The materials included in the study were 
Schi6tz tonometers, contact lens cases, and contact lenses, since we felt 
that the more pertinent area to study would be materials involved with 
actually touching the eye or containing material that will touch the eye. 
( 1 ) 
Instruments such as the ophthalmoscope, occluder , p. d. ruler, etc. , 
were excluded because they do not contact the eye or come in close enough 
proximity to cause direct contamination. 
(2} 
11. EQUIPMENT AND PROCEDURE: 
A. EQUIPMENT: The autoclave used was a Ritter, model 7 "Speedclave'' 
portable autoclave manufactured by Ritter Equipment Co. , Rochester, New 
York. It is a moist heat sterilizing instrument with a temperature range 
from 245 "F (118"C) to 2 7CJ F (132 °C). The instrument is a small self-
contained portable unit using 11 OV electricity as the heat source and would 
be ideal for office use. 
The instruments used to measure the physical and optical characteristics 
of the contact lenses were: 
1. Contact lens center thickness gauge, available from Plastic Contact 
Lens Co. , Chicago, Ill. 
2. Vertometer, available from the Bausch & Lomb Optical Company, 
Rochester 2, New York. 
3. Radiuscope, available from the American O:ptical Co., Instrument 
Division, Buffalo, New York. 
4. Stereomicroscope, available from the Bausch & Lomb Optical Company, 
Rochester 2, New York. 
5. Measuring hand magnifier, available from the Bausch & Lomb Optical 
Company, Rochester 2, New York. 
B. MATERIALS: A Schii>tz Tonometer of all metal construction was used in 
the experiment. 
The contact lens cases used were one small mailing case and three 
soaking cases, which were all manufactured from thermoplastic materials. 
The soaking cases were the "Multimaster'' and the "Ideal'' manufactured by 
R & F Products Inc., Englewood, Colorado and the "Hydra-Kit" distributed 
by the Barnes-Hind Pharmaceuticals Inc., Sunnyvale, California. 
The contact lenses were received from several different suppliers, but 
for the most part were methylmethacrylate cut from Electroglas No. 2 
(3) 
stock manufactured by Glasflex Inc. , Stirling, New Jersey. One of the lenses 
used was a ttHyfraxrr lens developed by Morrison Laboratories of Harrisburg, 
Pennsylvania and manufactured by Rhom & Haas. 
The "Hyfraxrr lens is manufactured from plastic of high index of refraction 
(n = l. 57) than the methylmethacrylate lens. (n = l. 49) The formula of the 
base material from which the rrHyfrax" lens is manufactured is not generally 
available . An injection mold lens was also provided by Morrison Laboratories, 
Inc. 
C. PROCEDURE: All of the materials were autoclaved in the same Ritter 
model No. 7 nspeedclave. " The materials were placed in the instrument on 
the autoclave tray which is located in the center of the interior vertical 
dimension. The timing device used was an electric clock. 
l. Schi¢'>tz Tonometer: The tonometer was inspected for defects and then 
calibrated to zero. It was placed in the autoclave tray, the autoclave was 
brought to the working temperature of 245 ° F (118 °C) and was run for five 
minutes at this temperature. The autoclave was then exhausted and the 
tonometer was removed when the temperature reached 2l2°F (100°C.) The 
tonometer was removed and inspected and then returned to the autoclave. 
The autoclave was brought to the working temperature of 270~ (132 °C) and 
was run for ten minutes at this temperature. The autoclave was then exhausted 
as before and the tonometer was removed and inspected and checked for 
calibration. 
2 . Contact Lens Cases: The contact lens cases were placed in the 
autoclave with both caps remov~d. The barrels of the cases were placed 
on a small folded cotton towel which was then placed in the autoclave tray. 
( 4) 
) 
The barrels were placed in a horizontal position and the caps placed near 
the respective barrels. None of the parts were touching each other. The 
autoclave was brought to the working temperature of 245 °F ( ll8°C) and 
run for five minutes. The cases were then removed and inspected. 
A method of moist heat sterilization that could easily be used by the 
patient is bb"iling. Two types of contact lens cases were selected for 
boiling. The 11Multimaster" was boiled in an open pan for five minutes 
and then removed and inspected and the ''Hydra-Kit" was boiled for ten 
minutes and then removed and inspected. 
3. Contact Lenses: Nine contact lenses were verified for thickness, 
power, base curve, transmission qualities and physical characteristics of ' 
both surfaces. They were placed in the autoclave tray on the towel previously 
used for the cases . Five of the lenses were placed with the convex side up 
and four with the convex side down. This was done to determine if anticipated 
changes of curvature were dependent upon the position of the lenses in the 
autoclave. The lenses were autoclaved at 245 Of' (118 °C) for five minutes 
and then removed, inspected and verified. Six more lenses were then 
verified for the previously mentioned specification and placed in the auto-
clave with the convex side up. The autoclave was brought to a working 
temperature of 245"F (ll8°C) and run for ten minutes. The autoclave was 
then exhausted, the lenses were removed, inspected and verified. Two 
more lenses were then verified and autoclaved for fifteen minutes at 270~ 
(132 °C. ) A 11Hyfrax 11 lens and an injection mold lens were verified and 
autoclaved for two minutes at 245°F (ll8°C) and then removed, inspected 
and verified. Six lenses were then selected at random from the previously 
{5) 
autoclaved lenses. These six were boiled in an open pan for three five 
minute intervals with verification between each boiling period to determine 
if there was any trend for the lenses to return to the original verified 
characteristics. 
( 6) 
Ill. RESULTS: 
l. Schi>itz Tonometer: The tonometer was inspected for 0- calibration 
and defects before it was autoclaved. After autoclaving, the tonometer was 
removed and inspected again for 0-calibration and defects . 
Before autoclaving After autoclaving @ 245°F After autoclaving 
for five minutes @ 270"F for 15 minutes 
calibrated to 0 calibrated to 0 calibrated to 0 
no physical defect no physical defects no physical defects 
2. Contact Lens Cases: Four contact lens cases were in good condition 
before autoclaving. They were autoclaved for three minutes at 245°F (118 °C. } 
All four cases melted into blobs of plastic. Since 245°F (ll8°C} was minimum 
temperature on the autoclave, no further autoclaving was done with contact 
lens cases. 
The "Multimaster 11 and l1!:fydra-Kit11 were in good condition before boiling. 
After five minutes the 11Multimaster 11 was so distorted and misshapen that it 
was no longer watertight. The 11 Hydra-Kit 11 withstood ten minutes of boiling 
and remained watertight. The only damage to the 11 Hydra-Kit 11 was that the 
lids screwed on and off with more difficulty due to distortion of the barrel. 
3. Contact Lenses: Contact lenses were inspected for surface 
characteristics such as smoothness or flaws (bubbles} on both convex and 
concave surfaces. They were inspected with the naked eye for transparency. 
Center thickness, power; and base curve were determined. The following 
tables indicate the changes which took place in the lenses. 
(7} 
\ 
Table No. 1: (Nine Contact Lenses) 
Table of changes in lens characteristics after autoclaving at 245 ° F(ll8 ° C) for five 
minutes 
Surface 100% of the lenses had from thre e or four to several hundred 
Characteristics: bubbles or blemishes on both the concave and convex surfaces. 
Transparency: 100% of the lenses were cloudy and had a loss of transparency. 
Center No measurable changes occurred. Thickness: 
Dioptric 
Power 
22~ measured 0. 25 Diopters less minus 
22 o measured 0. 25 Diopters cylinder. 
?6% measured no change in dioptric power. 
Base Curve 100% of the lenses measured a longer radius of curvature (flattening 
of the base curve). The range was from 1. 6% to 8. 3% flattening. 
Table No. 2: (Two Contact Lenses) 
Table of chang es in lens characteristics after autoclaving at 270 °F(l32°C) for fifteen 
minutes 
Surface 100% of the lenses had several hundred bubbles on both the concave 
Cha racteristics and convex surfaces. 
Transparency 100% of the lenses were cloudy and had a loss of transparency. 
Center No measurable change occurred. 
Thickness 
Dioptric 
Power 
50% of the lenses measured up to . 50 Diopters less plus. 
50% of the lenses measured no change in dioptric power. 
Base Curve 100% of the lenses measured an increase 
The range was 1. 8% to 2. 1% flattening. 
in the radius of curvature. 
Table No. 3: (Six Contact Lenses) 
Table of changes in lens characteristics after autoclaving at 245 ° F(ll8 ° C) for ten 
minutes 
Surface 100% of the lenses had from three or four to several hundred 
Characteristics blemishes or bubbles on both the concave and convex surfaces. 
Transparency 100% of the lenses were cloudy and had a loss of transparency. 
Center No measurable changes occurred. Thickness 
Dioptric 
Power 
33% of the lenses measured to 0 . 50 D cylinder change. 
67% of the lenses measured no change in power. 
Base Curve 
lOOo/o of the lenses measured tn increase in the radius ofofourvature. (Flattening of the Base Curve . The range was from 1. 5 o to 
5. 6% flattening. 
Table No. 4: (Six Contact Lenses) 
Table of changes in lens characteristics after boiling at 2l2 °F(l00 ° C) for fifteen 
minutes total. (previously autoclaved lenses} 
Transparency 100% of the lenses regained up to 90% of original transparency. 
Remaining characteristics had no measurable changes. 
(8) 
) 
1 V. DISCUSSION 
The Schii>tz tonometer survived the autoclaving very well because of 
its all-metal construction; it showed no defects or change in calibration after 
the autoclaving. 
The contact lens cases did not withstand the heat of the autoclave. All 
four cases melted into distorted masses of plastic in the autoclave. The 
"Hydra-Kit" withstood ten minutes of boiling and was still watertight and 
maintained its general shape, while the other type of case was deformed 
by boiling to the point of uselessness after only three minutes. 
The nine contact lenses autoclaved at minimum temperature (245°F, ll8°C) 
for five minutes revealed some very interesting changes. Thickness, tint, 
and power in general all seemed to be maintained. However, base curve 
either distorted into a toric surface, flattened, or stayed spherical with 
some flattening. 
In general, the lenses lost transparency and this cloudiness increased 
with time after removel from the autoclave. The cloudiness was greatest 
at the thickest portion of the lenses. We were not able to determine if the 
lenses became cloudy during the autoclaving process or during the 
exhausting process while temperature was being lowered in the moist 
atmosphere. Further studies on the porous nature of the lenses and the 
exact cause of the loss of transparency are indicated here. 
The six lenses that were boiled after autoclaving regained up to 90o/o 
of the original transparency of the lens, but the flattening and toric warpage 
produced by the autoclaving remained. 
No difference in the change of base curve with a different mounting in the 
(9} 
autoclave was found: (convex side up vs. concave side up. ) 
Both surfaces of all the lenses showed evidence of bubbles varying 
from three or four to several hundred. 
In an attempt to achieve maximum physical changes in the lenses, two 
lenses were autoclaved at maximum temperature (270°F or 132 °C) for fifteen 
minutes. No greater changes took place in these lenses compared to those 
which were autoclaved at 245 "F ( 118 °C) for five minutes, except that they 
became less transparent with prolonged autoclaving. This fact indicated 
that the cloudiness occurs during the autoclaving process itself but is not 
conclusive. 
It would have been desirable to have started with a temperature below 
that at which changes start to occur in the plastic used. We could then have 
investigated the effects of a longer time interval in the autoclave at a 
temperature below that at which the plastics started to break down. (Methy-
4 
methacrylate begins to breakdown at about 160°F (7l°C) in dry heat. ) 
Thermal destruction of micro-organisms is a factor that had to be 
reviewed to determine "kill factors" of mic .r.o-organisms on a time-
temperature basis. Graph No. 1 in the appendix illustrates the time -
temperature relationship for accepted standards of sterilization by moist 
5 
heat. Most authorities are in agreement that saturated steam at a constant 
temperature of 250 °F (121 °C) for five to ten minutes is sufficient to destroy 
most of the resistant forms of microbial life. 6 
Studies have been done by Snell Chemical, Inc., for Glasflex Inc. on 
methylmethacrylate plastics to determine thermal stress limits for this 
material. 7 The type of heat used in their study was dry heat. 8 A dry heat 
(1 0) 
sterilization apparatus was not available to us to make a comparison of 
the affects of the two types of heat on the items considered in our study. 
Also, cold sterilization such as gas was not available to us. 
More work should be done in the area of sterilization of contact lenses 
and storage cases. Previous work in this area has be.en done by Bailey9, 
Bixler 10, Dixon et a1 11 , and Lutes. 12 More long-term studies are needed 
to determine how much recontamination actually takes place from careless 
patients and unclean habits; also on the long-term effects of the sterilizing 
methods investigated and what these effects may do to the tissues of the eye. 
10 For example, in Bixler's study of bacterial decontamination it was 
determined that several agents will decontaminate a contact lens. A long-
term follow - up of these agents and their possible toxic effects on the tissues 
of the eye would be a valuable study since the manner in which these de-
contamination agents would be exposed to the patient would be on a day to 
day basis over a long period of time. 
(11} 
V. CONCLUSIONS 
As seen from this study, the only item of the three subjected to auto-
claving demonstrating no damaging affects was the Schii>tz tonometer. 
Contact lens cases did not withstand autoclaving or boiling with the 
exception of the "Hydra-Kit" which did withstand ten minutes of boiling. 
A different type of contact lens storage case that could withstand 
these sterilization procedures could be devised. A material such as stain-
less steel would make a good case for this purpose. 
All the contact lenses were rendered clinically useless because of loss 
of transparency, base curve changes, and warpage. This study showed that 
contact lenses flatten and become less transparent when subjected to the 
moist heat of the autoclave. The loss of transparency can be partially 
eliminated by boiling, but not the warpage and flattening. In order to 
sterilize contact lenses by the methods used in this study, a plastic will 
have to be developed that will withstand moist heat up to 250°F(l21 ° C) 
for a period of 10 minutes and still have good optical characteristics 
and produce no tis sue reaction or deleterious effects in the eye tis sue. 
We must continue to research the problem of sterilization of contact 
lenses and cases to try to eliminate sources of infection. Proper and 
complete patient education will do much to eliminate the problem, but we 
must be certain that the materials supplied to the patient and our techniques 
employed in handling these materials are aseptic. 
(12) 
12-l R 8 VII. Appendix Graph No. 1 
l 
10 Millimeters to the Centimeter ( 13) 
VI. SUMMARY 
In this study we have attempted to determine the feasibility of an 
autoclave for an optometric office. A Ritter Model 7 Speedclave was used 
to autoclave contact lenses, contact lens cases, and Schiptz tonometers. 
These materials were examined before and after autoclaving, and the 
effects of the procedure on the materials were determined. The con-
elusion drawn from the -results is that an autoclave of this type would 
not be practical in an optometric office for the purpose of sterilizing 
these materials. However, other uses now or in the future may warrant 
its use. 
We appreciate the cooperation of the following companies for supplying 
us with materials and information for this study: 
Barnes-Hind Pharmaceutical, Inc. 
Calcon Laboratories 
Marco Lens, Inc. 
Morrison Laboratories, Inc. 
Mueller Welt Contact Lenses, Inc. 
R & F Products, Inc. 
Ritter Equipment Company 
(14 ) 
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